ABSTRACT
INTRODUCTION
The waste water of copper craft industries contains high amount of heavy metal ions, such as chromium, nickel, copper, and zinc. Although these metals are essential nutrient required by most living organism for healthy growth and enzyme function, it becomes toxic to human at elevated concentrations. Therefore, the maximum concentration in surface water, ground water and potable water are strictly regulated [1] [2] [3] [4] . The removal of these heavy-metal ions is of highly importance.
Nowadays, there are various methods for the removal of these heavy metals from aqueous solution, such as deposition [5] , ion exchange [6] , filtration [7] , membrane [8] , solvent extraction [9] , coagulation [10] , and flotation [11] . However, adsorption is the most popular method applied pervasively in environmental chemistry and chemical industries. It presents convenience, easy operations, and simplicity of design. Further, this process can remove different type of pollutant and offers wide applications [12] [13] .
One of the most popular commercial adsorbent is silica gel which has been popularly used as desiccant due to its relatively weak bonds with water as well as its large pore volume [14] . However, to be used as metal ion adsorbent, silica gel must be modified due to limited capacity and selectivity of its presence and of silanol sites and porous structure.
Modification of silica gel could be done through increasing of surface area and/or decreasing pore diameter, i.e. ratio of silanol and siloxane concentration of particle surface (physical modification). This method usually includes media system adjustment [15] or thermal/hydrothermal treatment [16] . Another suitable method of modification of silica gel is through chemical modification. The latter method can be done through organofunctionalization using organic group as modifying agent or inorganofunctionalization using organometallic composite or metallic oxide in which the group is anchored on the surface [17] .
The organofunctionalization of silica gel usually includes donor atoms such as carbon [18] , nitrogen [19] [20] , sulphur [21] , and phosphorous [22] . However, from three different types of phosphorus organofunctionalization: phosphate, phosphonic/phosphonate, and phosphinic, only phosphonate group can be successfully used because of poor hydrolytic or oxidative stability of phosphate and phosphinic. Phosphonate organofunctionalization of ion exchangers/adsorbents usually applied for trivalent or divalent cations [22] . While, the introduction of an amine (-NH 2 ) group into the phosphonate molecules to obtain -NH 2 -C-PO(OH) 2 in such molecule as NTMP (nitrilostris(methhylene) phosphonate), EDTMP (ethylenediaminetetra (methylene)phosphonate) and DTPMP (diethylenetriaminepenta(methylene)phosphonate increases the metal binding abilities [23] .
However, direct bonding of organofunctional groups to inorganic surfaces such silica gel is difficult due to relative inertness of the surface in its ground state. While, there are three main methods in which functional groups are attached to the silica gel surface: (i) through reaction between organosilanes or organic molecules and silica gel surface reaction, (ii) chlorination of the silica gel surface followed by reaction of the Si-Cl with an appropriate functional molecule/reactant, and (iii) incorporation of functional group via sol-gel method followed by post modification, where necessary [15] .
In the present work, silica gel was modified with aminoethyl dihydrogenphospate (AEPH 2 ) via 1,4-dibromobutane as linker. The adsorbent was applied for Co(II), Ni(II), Cu(II), and Zn(II) in aqueous solution in both single and multiple metals system. The presence of AEPH 2 as modifier agent is predicted to increase the adsorption capacity of PMS since lone pair electrons of amine group will complex the hydrated metal ion. The thermodynamics and kinetics parameters of adsorbent were evaluated with varying the contact time and concentration at optimum pH. From those parameters, the effect of modification toward silica on metal ions adsorption was evaluated as well.
EXPERIMENTAL SECTION

Materials
Chemicals used for the synthesis of phosphonate modified silica gel were silica gel (kieselgel 60) and aminoethyl dihydrogenphospate (AEPH 2 ) 98%. Nitrate salt of Co(II), Ni(II), Cu(II), and Zn(II) were used to prepare the solution of Co(II), Ni(II), Cu(II), and Zn(II) respectively. All chemicals were supplied from Merck without further purification.
Instrumentation
Fourier-transform infra-red (FTIR) spectrophotometer (Shimadzu 8201 PC) was used for identification of functional groups and active sites. Xray fluorescence (XRF) of JEOL JSX-3211 and Flame Atomic Absorption Spectrophotometry (FAAS) of AA-6650 Shimadzu were used to determine elemental compositions of adsorbents and unadsorbed metals, respectively. N 2 gas adsorption/desorption (NOVA 1000 h) was used to analyze surface area, pore, and diameter size. Scanning Electron Microscope (SEM) of JEOL JSM-6360 LA was used to observe the surface morphology of particles.
Procedure
Synthesis of phosphonate modified silica
Synthesis of phosphonate modified silica was carried out according to the procedure reported by Jal et al. [15] and Garcia-Valls et al. [24] with a little modification. Silica gel (15 g) firstly was activated by stirring the powder with 1M NaOH for 3 h. The resulted residue was filtered, washed with high purity deionized water until free from base and dried. Then, the activated silica gel/ASG (10 g) was reacted with 1.5 mL 1,4-dibromobutane in 150 mL of dry toluene and then stirred for 8 h. The slurry was filtered and washed successively with toluene and dried at 70°C for 3 h to obtain dibromobutane modified silica (DBMS).
Immobilization of phosphonate was conducted via mixing DBMS (10 g) with 1 g of AEPH 2 for 24 h, and then the resulted residue was washed with deionized water and dried at 70°C for 3 h to obtain phosphonate modified silica (PMS). The material then was characterized with FTIR spectroscopy, XRF, and N 2 gas adsorption-desorption.
Adsorption of metal ions
Adsorption of Co(II), Ni(II), Cu(II), and Zn(II) on adsorbents was carried out according to the procedure reported by Mishra et al. [25] with little modification. Aqueous solution of Cu(II) containing 20 ppm was shacked with 0.025 g adsorbent for 30 min at various pHs (5) (6) (7) (8) . The optimum pH was used to evaluate the thermodynamics parameter by varying the contact time and kinetics parameter by varying the concentration (5, 10, 20, 50, 100, and 200 ppm). The solution was filtered with a filter paper and the concentration of unadsorbed metal ion was detected by FAAS. To study the adsorption for multiple metal systems, the work was carried out according to the procedure reported by Shoaib et al. [26] . A solution of metal ion mixture was prepared with the concentration of each metal ions equal to 20 ppm. The adsorption experiment was carried out analog to that for single metal system.
RESULT AND DISCUSSION
The physicochemical of adsorbent is affected by several factors, such as technique of synthesis and chemical modifications. While, the metal adsorption is affected by several operating parameters, such as pHs, contact times and initial metal concentrations. In present study, all these have been explored in order to evaluate treatment technology for Co(II), Ni(II), Cu(II), and Zn(II) removal from synthetic solutions.
Physical and Chemical Characteristic of Adsorbent
In present study, adsorbent has been synthesized with surface modification of inorganic substrate (grafting technique) [27] . The inorganic substrate used was silica gel. AEPH 2 and 1,4-dibromobutane were used as organic polymer and coupling agent, respectively.
The synthesis of PMS was done initially by activation of silica gel with NaOH [28] , followed by grafting of 1,4-dibromobutane onto silica gel surface [18] and finally by grafting of phosphonate onto 1,4-dibromobutane previously grafted onto silica. As an adsorbent, the resulting material has been analyzed its physical and chemical character, such as active sites and pores properties [29] . Fig. 1 shows infrared spectra of PMS. The presence of silica gel is identified with the existence of due to Si-O stretching and bending vibration, respectively [32] . Silanol is indicated with the band at 972 cm -1 due to Si-O stretching vibration on silanol group [29] . Phosphonate is identified with band at 1257 cm -1 of P=O and band at 1028 cm -1 of P-O stretching vibration of organic phosphate [33] . Hydrocarbon is indicated with band at 2939 cm -1 due to CH asymmetric stretching vibration in CH 2 aliphatic group and band at 2885 cm -1 due to CH symmetric stretching vibration in CH 2 group of hydrocarbon [30] . The presence of hydrocarbon is also indicated by the band at 1435 cm -1 due to CH asymmetric bending vibration of CH 2 and band at 1285 cm -1 of CH 2 stretching vibration on Si-CH 2 -R group [30] . The infrared spectra of PMS suggest that it consist of silica, phosphonate, and hydrocarbon.
Moreover, infrared spectra ( Fig. 1 ) revealed the anchored of organic groups onto inorganic surface. The grafting of hydrocarbon onto silica surface is indicated with the broadening band at around 1000-1250 cm due to the presence of C-Br stretching vibration. In the present study, 1,4-dibromobutane was used for coupling agent as surface modifier bearing non-reactive organic group. This surface modification allows the formation of stable bonds between the organic polymer and silica gel [32] . The immobilizing of phosphonate onto hydrocarbon chain is indicated by the band at 3400-3500 cm -1 correlated with the stretching vibration of N-H group, amine primary aliphatic and bending vibration of amine primary. Moreover, the immobilizing of phosphonate is also due to the band of P=O and P-O of AEPH 2 overlapped with the band of silanol and siloxane and hydrocarbon previously described. In the same time band at 563.21 cm -1 disappearance since the C-Br groups mobilized while phosphonate immobilized. The result suggests that phosphonate parts grafting onto silica surface linked by hydrocarbon chain.
From XRF analysis, PMS contains Si of about 45.69% (w/w) and P of about 1.33% (w/w). It reveals that modification of silica gel increases the content of phosphorous significantly.
Infrared techniques are also useful in studying the nature of the active sites for adsorption, through the use of water molecules adsorbed as probes. The active sites of material was indicated by the presence of water molecules adsorbed (Fig.1) . The band at 3425 cm -1 due to the OH stretching vibration of silanol and OH stretching vibration of water molecules [33] . The band of OH stretching vibration correlates to silanol active sites at band of 3745 cm -1 . The band at 972.12 cm -1 is overtone of silanol. The band correlates to the Si-O stretching vibration of silanol Si-OH group. The water adsorbed onto material surface correlates with the presence of silanol active sites, since oxygen atom of water molecules interact with hydrogen atom of PMS to form hydrogen bonding [34] . The metal adsorption may occur through coordinately bonded or protonated species, i.e. P-O or P=O [34] . Table 1 summarizes the assignment for the infrared spectrum of PMS. The result suggests that PMS contains active sites which attracted polar molecule.
Porosity
The N 2 adsorption-desorption isotherm of PMS is depicted in Fig. 2 showing typical isotherm of type IV. This type of isotherm is commonly associated with mesoporous materials. Mesopores are the pores which give rise to the phenomenon of capillary condensation with the adsorption/desorption isotherm, which is observed by the existence of an inherent hysteresis loop. The mesopores fill in the final stages of the isotherm by multilayer formation. The pore diameters are so large that at low relative pressures monolayer coverage occurs followed by further layers and the adsorbed film acts as a nucleus upon which capillary condensation may take place. This mechanism gives rise to hysteresis, as there are differences in the pore filling and emptying processes. Capillary condensation give rises to a hysteresis loop and the isotherm also exhibit a limited uptake at higher relative pressure. The N 2 adsorption-desorption isotherm of PMS is similar with silica gel. The results indicate that modification of silica has no significant effect on the pore structure.
From Table 2 , it can be seen that modification process increases surface area and total pore volume. , and 131.40 Å respectively. It indicates that the grafting of hydrocarbon chain and phosphonate molecules are on the surface and inside of the silica pores. The phenomenon are similar to those investigated by Jal et al. [18] .
According to the surface area of 115.30 m ( Table 2 ) the experimental P analysis of 1.33% (w/w) corresponds to a grafting density close to 2 µmol m -2 [35] . Within the experimental errors, the elemental analyses of P were agreement with the chemical structure.
Morphology
SEM image of PMS prepared by grafting technique are presented in Fig.3 . The images suggest that the amorph particles of PMS is likely covered by grafted molecules and a significant change could be observed compared to silica. It indicates the synthesis of PMS by immobilizing phosphonate on DBMS has been successfully done.
Adsorption of Metal Ions
Effect of pH
The effect of pH on metal ions adsorption was studied at a pH range of 5-8 since pH of waste water released to the environment should over 5 [1] [2] [3] [4] and the investigated metal ions tend to form solid complex hydroxo metal M(OH) 2 at higher pH. Therefore, the adsorption study was performed only at pH of 5 and 6 (Table 3) . It can be seen that phosphonate modification on silica increases its capability and the capability in pH of 6 is bigger than that of 5.
The metal ions adsorption on PMS has similar pattern to that on silica gel. From Table 3 , it can be seen that in both pH, 5 and 6, the amount of metal ions adsorbed on PMS are bigger that of silica. The bigger capability of PMS is performed by the existence of active sites of phosphonate, i.e. P-OH group on the surface of PMS. These active sites could interact with metal ion by forming hydrogen bridging. However, the other active sites, i.e. P=O group still in the same form due to the pH of solution in the range of pH 5.4-11. These active sites could interact with metal ions by forming complex. The presence of other active sites, i.e. amin since has lone pair electrons as oxygen of P=O could interact with metal ions by forming complex. The active sites mentioned above perform more effective than the adsorption of silanol active sites. Except Zn(II), the metal ions adsorption at pH of 6 t is bigger than that at 5 (Table 3) . On the other hand, the pH raising effect on metal ions speciation. The metal ions exist in the solution based on pH as M ]. The later species are much more easy to adsorp than its free complex ion [16] . In case of zinc metal ions, adsorption shows different trend especially at higher pH. As the pH increases from 6 to 12, zinc ion undergoes complex such as [Zn (OH) [34] .
The pH raising also effect on the protonation of functional group on the surface of adsorbents. When the initial pH was adjusted to 5, phosphonate active sites of PMS in the form of -PO 3 H -. With increasing pH, inspite of its pK 2 = 5.4 and pK 3 = 11. The charge raising effect on the interaction force. The electrostatic interaction in the pH of 5 is big. However, the electrostatic interaction in the pH of 6 is bigger than that in of 5. At low pH, due to high positive charge density of protons on the surface sites, electrostatic repulsion will be high during uptake of metal ions resulting in lower removal efficiency. With increasing pH, electrostatic repulsion decrease due to the reduction of positive charge density on the sorption sites, thus resulting in an enhancement of metal adsorption. The above fact related to the effect of pH on adsorption was also supported by several earlier workers [15] [16] The adsorption of metal ions onto the surface of PMS as well as surface of silica gel can also by hydroxocomplexes that are inclined to the formation of polynuclear diamagnetic cluster as ions. The possibility of the formation of such complexes is confirmed by Vlasova and coworkers [40] .
On the other hand, other active sites, i.e amin, not change its charge because its pKa >3. However these active sites could interact with metal ions by complexing. In case of silanol as other active sites of PMS, the pH raising has no effect on its charge. In both pH of 5 and 6, silanol active sites in the form of ≡Si-O -. This negative surface charge interacts effectively with M 2+ .
The phenomenon above can be explained by considering the potential ionic of adsorbate. All metal ions are borderline cations (HSAB). Ionic radii of Cu(II), Co(II), Ni(II), and Zn(II) are (pm) 69, 74, 72, and 74 respectively. Therefore Cu(II) which has the smallest ionic radii has the biggest potential ionic. The above fact related to the effect of atomic radii on adsorption was also supported by several earlier workers [41, [43] [44] 
Kinetics of adsorption
The effect of contact time on the adsorption of 50 mL 20 ppm metal ions at room temperature and initial pH 6 with 0.025 g adsorbent is shown in Fig. 4 . It is obvious that the adsorption of metal ions on PMS is very fast and equilibrium is achieved within 5 min, except Cu(II), within 30 min. These patterns are similar to that on silica gel. However, the amount of metal ions adsorbed on silica is less than that on PMS (graphic is not shown). The nature of PMS and metal ions types governs the time needed to reach the equilibrium. The fast adsorption probable occurred due to the mesoporousity in PMS facilitating the transportation of metal ion to meet easily the active sites. Since Cu(II) is the smallest radii among metal ions, it leads to hydrate water molecules in a large number and to form bulky hydrated metal ions. As consequence, the mobility of that that ion is lower.
This kinetics of metal ions adsorption is evaluated from the curve of correlation between the amounts of metal ions adsorbed vs. contact time. The kinetics parameter of metal ions adsorption calculated using models of 1 [42] [43] [44] are shown in Table 4 . According to the value of the correlation coefficient (R 2 ), the kinetics of Cu(II) adsorption on PMS order indicating that the adsorbent does not contain a large excess amount available for those ions so that concentration of active sites on the adsorbent declines linearly to that of the adsorbate during adsorption. As mentioned above, phosphonate groups govern more in adsorbing those metals ions rather than silanol ones. In the case, the adsorption rate depends on the square concentration of adsorbate. A similar phenomenon has been reported in other studies The rate constants (k) for each system calculated from the linear least square method and presented in Table 4 give a good correlation coefficient (R 2 close to 1).
Capacity of adsorption
The adsorption capacity and also the performance of the PMS were usually predicted from equilibrium sorption isotherm. The adsorption isotherm indicates how the adsorbed molecules distribute between the liquid phase and the solid phase when the adsorption process reaches an equilibrium state.
The efficiency of metal ions removal is affected by metal ion concentration, with decreasing removal percentage as concentration increase from 5 to 100 mg/L at constant pH and room temperature. After maximum capability is achieved, the increase in adsorbate concentration result in decrease steadily in removal percentage of Co(II), Ni(II), Cu(II), and Zn(II). At 5 mg/L of Cu(II) solution the removal of metal ion was found to be between 34.4% (silica) and 67.9% (PMS). At 10 mg/L of Cu(II) solution the removal of metal ion from 28.1% (silica) and 50.3% (PMS). Cu(II) solution removal efficiency of 0.4% (silica) and 40.9% (PMS) were achieved at adsorbate dosage level of 20 mg/L. It is evident that for all adsorbents maximum removal efficiency was achieved at an adsorbate dosage level of 50 mg/L. The variation in sorption capacity between the various adsorbents could be related to the type and concentration of surface group responsible for adsorption of metal ions from solution. Increasing adsorbate dosage reduces the number of active sites in the surface available for adsorption.
To study of the extent and degree of favorability of adsorption, in this experiment with variation range from 5 to 200 ppm of metal ions was carried out and the isotherm data obtained were fitted with two well known models suggested by Langmuir and Freundlich which commonly used in solution model. The results are shown in Table 5 .
From the coefficient linearity (R 2 ) of Table 4 , adsorbents prefer to Langmuir model in adsorbing Cu(II). However adsorbents prefer to Freundlich model in adsorbing Co(II), Ni(II), and Zn(II). Therefore, in adsorption of Cu(II), the metal ion tend to form an adsorbed solute monolayer, with no side interactions between the adsorbed ions. It also assumes that the interactions take place by adsorption of one ion per binding site and that the sorbent surface is homogeneous and contains only one type of binding site. However, in adsorption of Co(II), Ni(II), and Zn(II), these metal ions tend to form multilayered structure. The result indicates that PMS prefer in trend adsorption capacity of Cu(II)>Ni(II)>Co(II)>Zn(II). Adsorption capacity of adsorbent depends on its surface area, pore diameter, solubility adsorbate, pH, and temperature.
Selectivity
A comparison of capability of PMS in adsorbing Co(II), Ni(II), Cu(II), and Zn(II) in individual, binary and quarternary metal ions system represented as selectivity coefficient is expressed in Table 6 . While in individual metal ions, PMS prefer in trend selectivity of Cu(II)>Co(II)>Ni(II)>Zn(II). However, in binary and quartenary metal ions system PMS prefer in trend selectivity of Cu(II)>Ni(II)>Co(II)>Zn(II). It indicates that the trend selectivity of PMS is not too strong. PMS selectivity toward individual metal ion system correlated with the decreasing strength of bond with soft ligand. It is similar to the adsorption of metal ions on silica. However, the presence of other ions which has similar properties change significantly the selectivity of PMS in adsorbing Co(II), Ni(II), Cu(II), and Zn(II). It is probably due to the absence of competitive process between metals and adsorbent in single component system. The most likely reason for the trend is the competition for adsorption site and screening effect by the competing metal ions.
Ionic radii and hydration energy is an important factor in adsorption process. The preferential adsorption behavior of adsorbent for metal ions acquired in present investigations could also explained in term of ionic radii (Å) of metal ions (Cu(II) 69, Co(II) 74, Ni(II) 72, and Zn(II) 74. Thus the element with larger ionic radius will compete faster for exchange sites than those of smaller ionic radius. Adsorption may be related to the loss of the entire hydration sphere that precedes hydrolysis. The smaller the ionic radius, the greater its tendency to hydrolyze leading to reduce sorption. The observed order indicates that Cu may have greater accessibility to the surface of certain pore than Ni(II), Co(II), and Zn(II) due to its larger ionic radius. Adsorption may relate to the loss of entire hydrogen sphere that proceeds hydrolysis. The smaller the ionic radius, the greater its tendency to hydrolyze leading to reduce adsorption [45] .
CONCLUSION
Phosphonate modified silica (PMS) has been successfully prepared by covalently grafting technique in two-steps procedure. Namely attachment of a linker compound and immobilization of phosphonate functional groups. Adsorption of metal ions investigated on phosphonate modified silica follow a pseudo 1 st order mechanism for Cu(II) and pseudo 2 nd order for Co(II), Ni(II), and Zn(II). PMS gives the adsorption capacity of metal ions with the order: Cu(II)> Ni(II)> Co(II)> Zn(II) and the selectivity for adsorption of Cu(II) is higher toward Zn(II) than Co(II) and Ni(II). Further investigation is focused on the removal of metal ion from the potency adsorbent to analyze the capacity of the adsorbent to be applied as stationary phase in ion chromatography. Additionally, synthetic adsorbents immobilized with phosphonate open a broad spectrum of prospects for tailor-made application in the removal of different type of heavy metals ions for recovery and preconcentration.
